Four experiments investigated the effects of within-session stimulus repetition on texture discrimination. Six pigeons (Columba livia) searched for a contrasting target region (color or shape) randomly embedded within a larger distractor region for food reinforcement. Experiment 1 found that repeating features of the distractors, but not those of the target, across trials increased the accuracy of target localization relative to baseline. Experiment 2 found that subsequently switching the identity of a repeated distractor feature to the target decreased accuracy. Experiment 3 found that the effects of repeating a distractor feature influenced search performance for at least 60 trials after this learning. Experiment 4 found that differential stimulus-outcome relations can produce control by repeated target features. The results are discussed in terms of the factors and strategies involved in the control of avian visual search behavior.
smaller component elements into figure-ground relations (Beck, 1966 (Beck, , 1982 Julesz, 1981; Marr, 1982) . In our task, these regions are constructed each trial from randomly selected color and shape elements in which the target region can differ from the distractor region in either color or shape (see Figure 1 ). The location of the odd target region is randomly positioned on every trial and the pigeons are required to search for and peck at this contrasting target region in order to obtain food reward.
The present experiments explore the strategies or rules used by pigeons when searching for and pecking this odd target region. We think two different processes might be involved. The first process relies on a comparison based on the target's oddity from the distractors. Specifically, this mechanism evaluates the current perception of the display relative to a generalized representation of the typical global relations in these stimuli (e.g., a smaller square odd region embedded within a larger rectangular area; Cook, 1992a Cook, , 1993a Cook, , 1993b Cook et al., 1998) . This relational rule emphasizes the oddity of the target region relative to the distractor region, which is independent of the absolute identity of the features comprising these regions. It is this relational process that is responsible for the successful transfer of search performance to new examples of textured stimuli (Cook, 1992b) .
When the oddity of the target does not readily pop out, however, another type of search process is used. This second process involves a slower search of the display that allows more information about the absolute properties or features of the elements to be encoded. It continues until a pigeon detects a target based on the identity of the elements in the display. This rule is also relational in nature, but depends on the encoding, retention, and search of the specific features encountered within any one display. Because of the itemspecific nature of the latter process, it might be influenced by, for example, the repetition of the display's features across successive trials, especially when perceptual oddity of the display's target is not sufficient to guide search.
This latter item-specific mechanism is highly similar to COLOR DISPLAY localization of targets in our texture display search task, in the current experiments, we were more interested in the possible contribution of such item-specific strategies to this type of search task. Using a stimulus repetition paradigm, these experiments investigated the impact of repeating from trial-to-trial the target and distractor components of our textured visual stimuli. Primarily on the basis of the extensive search image literature, we anticipated that repetition of the target regions' features would facilitate its localization. As will be seen, the outcome was quite different and unexpected. Examples of color and shape texture displays used in the experiments. The location of the odd target region was randomly selected every trial. In each experiment, the color and shape features used to make up each baseline display were also randomly selected every trial.
those proposed for search image effects. The search image effect occurs when recent encounters with a specific cryptic prey item produce a transient internal change that allows a predator to detect more efficiently subsequent prey items of the same type (Tinbergen, 1960) . Such specific search image effects have been frequently studied in the operant chamber using the stimulus repetition procedure. In this type of visual search procedure, the subject searches for the same target item for a number of consecutive trials (the run condition), and performance is then compared to a condition in which different targets are randomly mixed across a series of trials (the non-run condition). This repetition procedure potentially permits a representation of the repeated target to be formed in memory and used to enhance search performance relative to baseline nonrepetition trials, by either decreasing reaction time, (D. S. Blough, 1993; P. M. Blough, 1991 P. M. Blough, , 1996 ; P. M. Blough & Lacourse, 1994; Langley, 1996) , increasing target detection accuracy (Pietrewicz & Kamil, 1979; Plaisted, 1997; Reid & Shettleworth, 1992) , or both (P. M. Blough, 1989 Blough, , 1992 Bond & Riley, 1991; Vreven & Blough, 1998) . Whereas our past research has emphasized and examined the role of perceptual grouping and oddity in the successful Experiment 1 Experiment 1 explored the possible contribution of specific search strategies in the processing of textured visual search stimuli using a stimulus repetition paradigm. Each daily session contained a repetition phase that was embedded within a set of baseline trials. The baseline trials consisted of our standard mixture of randomly composed color and shape displays in which the birds had to localize the odd target along either dimension. The repetition phase consisted of repeating a relevant feature from either the target or distractor regions across successive trials. The left half of Table 1 shows an example of target repetition for a run of color displays within a session. In this condition, for example, the color (blue) of the elements forming the target region was repeated, while the color of the elements forming the distractor region and the irrelevant shape element of both regions changed randomly from trial to trial. The right half of Table 1 shows an example of distractor repetition, where the color (red) of the distractor region was repeated, whereas the color of the target region and irrelevant shape of the display's elements changed randomly from trial to trial. These target repetition and distractor repetition conditions were conducted in different sessions.
Identical repetition conditions were also tested for shape relevant displays (see Table 2 ). During target repetition, the shape of the target's elements was repeated across trials, and during distractor repetition the shape of the distractor's elements was repeated across trials. Again, the irrelevant color of these elements varied randomly from trial to trial. The experiment was conducted in two parts. The first part tested the effects of target and distractor repetition on color displays. The second part tested these manipulations on shape displays.
For the target repetition condition, we anticipated performance would improve because the pigeons could learn specifically what to search for across repeated trials (i.e., a search image-like effect). Such a result would indicate that the pigeons sometimes use feature-specific information when searching visual textures. For the distractor repetition condition, we anticipated there might be no change in performance across repeated trials, since the reinforced goal of the task was to localize and peck at the odd target region while ignoring the distractors. (Cool 1992a (Cool , 1992b (Cool , 1992c (Cool , 1993a (Cool , 1993b Cook et al., 1996; Cook, Katz, & Cavoto, 1998) . The pigeons were maintained at approximately 80% of their free-feeding weights.
The pigeons had free access to grit and vitamin-enriched water in their individual home cages on a 12-hr light--dark cycle.
Apparatus
Testing was done in a painted flat-black Plexiglas chamber (38 cm wide × 36.5 cm deep × 39.5 cm high). Stimuli were presented on a color computer monitor (NEC, MultiSync 2A; Wooddale, IL) visible through a 25 cm × 17.5 cm viewing window in the middle of the front panel of the chamber. The bottom edge of the viewing window was 17.5 cm above the chamber floor. A thin piece of glass mounted in this window protected the monitor. Pecks toward the monitor screen were detected by an infrared touch screen (resolution was 80 × 48 locations; EMS Systems, Champaign, IL) mounted behind a 40-mm Plexiglas ledge that went around the inside edge of the viewing window. A 28-V (Model #1819) houselight was located in the center of the ceiling and was illuminated at all times, unless an incorrect choice was made. A food hopper was located in the middle of the front panel, with its access hole 2 cm above the chamber floor.
Experimental events were controlled and recorded with a 486-class computer. A video card (VGA Wonder; ATI Technologies, Scarborough, Ontario, Canada) controlled the monitor in the SVGA graphics mode (800 × 600 pixels). Computer-controlled relays (Metrabyte, Taunton, MA) operated the hopper and houselight. Programming was done in QuickBasie (QuickBasic 7.0, 1989) with an attached graphics library (Xgraf, 1989) . Tables 1, 2 , 3, and 4). The color and shape trials were generated using the random trial composition procedure (Cook, 1992a) . In the 12,920 possible color trials (20 target colors × 20 distractor colors × 34 shapes -680 uniform combinations) the target elements differed from the distractor elements in their color feature, but not in shape. In the 22,440 possible shape trials, the target elements differed from the distractor elements in their shape feature, but not in color. Before the experiment, this pool of 35,360 displays was regularly being tested in daily 180-trial sessions, composed of 90 randomly chosen color and 90 randomly chosen shape displays.
Discrimination testing procedure. Each discrimination trial
began with a peck to a white circular ready signal (2 cm in diameter) randomly placed within the upper two thirds of the display area. This response darkened the computer screen for. 1 s, followed by presentation of a texture display. A trial was considered correct if 5 pecks were directed to the target region before 5 pecks were directed to the distractor region. This "voting" method results in a minimum of 5 pecks and a maximum of 9 pecks to each display. Pecks directed to the target region and the distractor elements bordering the target region were treated as target-directed responses. On completion of the peck requirement, the texture display was turned off. Correct target localization responses were rewarded with 2-s access to mixed grain. Incorrect responses were punished with a 10-s timeout by extinguishing the houselight. An illuminated 5-s intertrial interval (ITI) followed reward or punishment.
Design. The experiment consisted of 32 sessions. Each session contained 180 trials. The first 20 trials of every session were warm-up trials in which the pigeons were required to peck the target five times regardless of the number of pecks to the distractor region. These warm-up trials always resulted in reward and were excluded from all data analyses. From Trials 21 to 99 and from Trials 161 to 180, birds were tested with randomly intermixed color and shape baseline displays.
Repetition conditions for color displays. Target and distractor repetition occurred from Trials 100-160. Table 1 shows example trials of the two test conditions for the five trials before and after the start of repetition. During target repetition, the color feature of the target elements was repeated across trials while the color feature of the distractor elements changed at random. During distractor repetition, the color feature of the distractor elements repeated across trials while the color feature of the target elements changed at random. In both conditions, the irrelevant shape feature randomly changed across trials. Repetitions of the color features were tested for 16 sessions, with distractor and target conditions tested in different sessions in randomized two session blocks.
Repetition conditions for shape displays. These test conditions were identical to those for color displays, except a series of shape trials was presented from Trials 100-160. Table 2 shows trials of the two test conditions for the five trials before and after the start of repetition. During target repetition, the shape feature of the target elements was repeated across trials while the shape feature of the distractor elements changed at random. During distractor repetition, the shape feature of the distractor elements was repeated across trials while the shape feature of the target elements changed at random. In both conditions, the irrelevant color feature randomly changed across trials. Repetitions of the shape features were tested for the last 16 sessions, with distractor and target conditions tested in different sessions in randomized two session blocks.
Results
Figure 2 presents mean target localization accuracy for the repetition conditions of color (upper panel) and shape (lower panel) displays across trials for distractor (circle symbols) and target (triangle symbols) repetition sessions. The open symbols denote mean baseline performance for color displays in the top panel (shape trials excluded) and for shape displays in the bottom panel (color trials excluded). Filled symbols denote performance during the repetition phase. In all experimental analyses, trials in which first-peck reaction times exceeded 8 s were eliminated (less than 1% of the trials).
Separate two-way repeated measures analyses of variance (ANOVAs)--Repetition Condition (distractor vs. target) x Trial Block 10(Ol15, (116) (117) (118) (119) (120) (121) (122) (123) (124) (125) (126) (127) (128) (129) (130) (131) (132) (133) (134) (135) (136) (137) (138) (139) (140) (141) (142) (143) (144) (145) (146) (147) (148) (149) (150) (151) (152) (153) (154) (155) (156) (157) (158) (159) (160) --were conducted to evaluate the effects of shape and color repetition. For shape repetition the interaction between repetition condition and trial block was significant, F(4, 20) = 2.99, p < .05. This interaction was due to the increase in target localization accuracy from baseline (Trials 21-99) for distractor repetition but not for target repetition. Separate trend analyses of trial-block for shape distractor and target repetition confirmed the interaction, yielding a significant positive linear trend only for distractor repetition, F(1, 5) = 17.72, p < .01. For color repetition, the interaction between repetition condition and trial block was not significant, F(4, 20) = .86, p > .05. A main effect of repetition condition, F(1, 5) = 6.7, p < .05, was found, however, with color distractor repetition (80.5%) resulting in higher accuracy than target repetition (77.7%).
To judge the effects of repetition on baseline performance, we analyzed data from both before and after repetition with a three-way repeated measures ANOVA: Dimension (color vs. shape) × Repetition Condition (Distractor vs. Target) × Trial Block (161) (162) (163) (164) (165) (166) (167) (168) (169) (170) (171) (172) (173) (174) (175) (176) (177) (178) (179) (180) . A main effect of dimension, F(1, 5) = 60.5, p < .001, was found due to the generally higher accuracy with color displays (78.9%) than shape displays (67%). There were no main effects or other interactions among the other factors, indicating that repetition per se had no generalized effect on target localization performance.
The next analysis examined the role of dimensional repetition per se in the above effects. That is, how did repeating the relevant dimensional cue (color or shape) itself, which did covary with the repetition of the features, improve search performance? The failure to see any increase in performance with target repetition suggests that repeating dimensional information per se does not influence search to any great extent. After the completion of Experiment 4, however, we did collect some observations in which the repetition phase consisted of only runs of either shape or color displays with no specific feature repetition included. Across 12 sessions of testing, there was no significant change in performance across trial block (11-99, 100-115, 116-130, 131-145, 146-160) for shape display repetition (71.5%, 68%, 70.7%, 71.5%, 69%, respectively) or color display repetition (81.2%, 82%, 83.3%, 85.5%, 80.8% respectively), as determined by one-way repeated measures ANOVAs; both Fs(4, 20) < 1.3, ps > .05.
Discussion
Experiment 1 revealed that repetition of the relevant features of the distractor region resulted in a monotonic increase in target localization accuracy, whereas repetition of target features showed no comparable effect. This distractor repetition effect occurred only with tests of shape stimuli. These results reveal a new factor in avian visual search involving memory for distractor identity. It further indicates that feature-specific search strategies are also involved in our textured visual search task.
The difference in the effects of repetition for each of the dimensions most likely reflects the pigeons' generally superior ability to discriminate color information. In the previous search image experiments, it has commonly been found that cryptic stimuli are more susceptible to the effect of repetition than are conspicuous stimuli (Bond, 1983; Bond & Riley, 1991; Langley, 1996; Langley, Riley, Bond, & Goel, 1996; Reid & Shettleworth, 1992) . We hypothesize that much the same thing is true in the present context due to two different routes used by the birds in locating the target (for similar arguments see Bond, 1983; Reid & Shettleworth, 1992) . When the grouping of similar stimuli produces globally distinct regions, the pigeons perform a rapid and accurate relational discrimination based on the global oddity of the target region. Little information is retained in memory regarding the specific features of such displays, and consequently there is little benefit from repeating these values across successive trials. On the other hand, when perceptual grouping does not result in distinctive regions, a more attentive, controlled item-specific search of the display is needed. Because of this more focused use of resources, it allows experienced features to remain active or primed in memory for a longer period of time, and it results in the accuracy benefits across repetition observed above. Because of the generally greater discriminability of the color displays, the need to engage in the more elaborated form of feature search was called on less often.
Much of the above is not at odds with what has been written about the benefits of repetition concerning the phenomenon of a specific search image. What is different about the present search effect is that it was exclusively associated with the features of the distractor region and not of the target. This is different from what has been found before, and it suggests that the specific search strategy used by the birds in the present case is governed more by a "distractor avoidance" rule rather than a "target approach" rule.
Not only is this different from previous search image findings, but is it also counterintuitive from a conditioning perspective based on temporal contiguity and duration. From this viewpoint, one might have expected target repetition to produce an increase in accuracy relative to distractor repetition. First, the target features are always the last items pecked just prior to reward, thus the contiguity between pecking or observing the target features and reward is much closer in time than for the distractor features. Second, the multiple peck requirement to the target ensures that on trials leading to reward, more time is spent in the presence of the target features than in avoiding the distractors. It took about 2226 ms on average to complete the peck requirement to the target after locating it, whereas it took about 1338 ms to first locate it, as measured by the reaction time to the first correct peck. On the basis of the longer duration of interacting with its features and its closer temporal proximity to reward, it seems that the trial-to-trial repetition of target features should have facilitated a stronger generalized approach responding, similar in nature to autoshaping (Brown & Jenkins, 1968 ) and the feature-positive effect (Jenkins & Sainsbury, 1970) . Clearly, this outcome did not occur, as performance was controlled by the more temporally remote features of the distractor elements.
Why did the features of the distractor region play such a role in the present search task? One likely reason is the distractor region's much larger size relative to the target region. When a display is presented, the pigeons almost surely encounter distractor elements when first seeing the display. Further, in the standard baseline condition that these birds had extensively experienced, the identity of the target was always unknown from trial to trial. As such, successfully learning to avoid distractors may be more crucial to such a task then ones in which the target item(s) are predictable. Thus, when an odd target is not readily perceived by the pigeons it may be more profitable to encode the identity of the first or most frequently encountered item and then search until a different looking set of elements is encountered. When these contrasting nondistractor items are finally encountered, the pigeons might only then need to respond "automatically" to them without further processing or remembering the specific identity or features of this target region, and perhaps causing our failure to find target repetition effects in the current experiment.
Experiment 2
Experiment 2 tested whether the pigeons were specifically learning to avoid repeated distractors. If the pigeons were learning to avoid the repeated distractor feature, then if this repeated feature were to have its role suddenly reversed, now appearing in the target, it should result in a brief decline in target localization accuracy, as it is now inappropriately not pecked at. This idea was tested in Experiment 2 by using a discrimination reversal procedure. In this procedure, after a distractor feature had been repeated, it was immediately switched to being a repeated target feature within the same session. In comparison to a shift to a baseline condition, we were interested in how the pigeons reacted to these rolereversed shifted features, following both target and distractor repetition.
Method Animals and Apparatus
The same pigeons and apparatus were used as in Experiment 1.
Procedure
In this experiment, repetition conditions were conducted using only shape trials. Repetition conditions (Trials 71-170) were divided into two contiguous stages lasting 60 (Stage 1) and 40 (Stage 2) trials. Stage 1 consisted of distractor or target repetition conditions conducted just as before. Stage 2 consisted of either discrimination reversal or shape baseline trials. Discrimination reversal following distractor repetition consisted of repeating the same feature from Stage 1, but now tested and repeated as part of the target region's elements. Discrimination reversal following target repetition consisted of repeating the same feature from Stage 1, but now tested and repeated as part of the distractor region's elements. The shape baseline condition followed target or distractor repetition with a Stage 2 that consisted only of randomly generated shape displays. In every case, the irrelevant color of the elements was varied at random from trial to trial. All together there were four repetition conditions: distractor repetition training--target testing (Stage I-Stage 2), distractor repetition training--shape baseline, target repetition training----distractor testing, and target repetition training--shape baseline. Table 3 provides example trials of the transition from Stage 1 to Stage 2 for these four conditions. Thirty-two sessions were conducted, containing eight randomized blocks of the four conditions. All other session and stimulus details were identical to Experiment 1, except that sessions were now 190 trials in duration, and three new shape features had been added between Experiment 1 and 2.
Results and Discussion
The left side of the top and bottom panels of Figure 3 present mean target localization accuracy for distractor and target repetition training, respectively. These data are similarly arranged to the previous experiment. The open symbols denote mean baseline performance for shape displays only. Filled symbols denote shape repetition trials. The two bars in the top panel of Figure 3 show mean target localization accuracy for the first 20 trials of shape baseline (white) and the feature reversed target testing (black) following distractor training, while the bottom panel shows the same data for shape baseline (white) and the feature reversed distractor testing (black) following target training.
The pigeons significantly avoided to a greater degree a target region containing a formerly repeated distractor feature than with a comparable set of baseline shape trials. Following distractor repetition training, there was a significant difference between accuracy in the target testing and shape baseline conditions, F(1, 5) = 22.7, p < .005 (one-way repeated measures ANOVAs used throughout this experiment). A similar analysis comparing performance after target repetition training was not significant, F(1, 5) = 1.9, p > .05. This reversal effect for distractor training was short-lived, with the pigeons returning to baseline levels of accuracy within the next 20 trials. Accuracy on the last 20 trials (Trials 151-170) for shape baseline (72.3%) and target testing (72%) was not significantly different. Following target training, performance on the last 20 trials (Trials 151-170) for shape baseline (70.3%) and distractor testing (73.2%) was not significantly different.
Separate ANOVAs on trial block (21-70, 71-85, 86-100, 101-115, 116-130) were conducted for distractor and target repetition training. Both the main effect for distractor, F(4, 20) = 7.8, p < .001, and target repetition training, F(4, 20) = 3.2, p < .05, were significant. Albeit small relative to distractor repetition, why was there an effect of target repetition in this experiment but none in Experiment 1 ? It may be that target feature processing was enhanced due to the very use of the discrimination reversal procedure. Perhaps because the specific identity of the target's features were made more relevant in one sense by the role reversal shift following distractor repetition training, the pigeons began to stop automatically responding to the target region and started to pay more attention to its properties. In summary, this experiment revealed that once the pigeons learned to avoid a repeated distractor feature, they then avoided this same feature when it subsequently appeared in the target. This fact confirms the pigeons were using a feature-specific avoidance strategy and that this information originated from their experience in processing the distractor regions of the displays.
Experiment 3
The results of Experiment 2 suggest that the effect of repetition has a somewhat long lasting, but not permanent, influence on search. For a trial-to-trial repetition effect to occur, the memory for a previous trial must last at least one trial. The memory for target-mediated search images has generally been found to be short lived, dissipating after 30 s . In Experiment 3, we addressed the question of how long the pigeons remained under stimulus control from the repeated distractor feature. This was tested by presenting the feature of a previously repeated distractor on probe trials at various points later in a session. Accuracy on these subsequent probe trials assessed how long the pigeons were still able to access and utilize their memory of the previously repeated feature.
Method Animals and Apparatus
The same pigeons and apparatus were used as in Experiment 2.
Procedure
Again, repetition conditions were conducted using only shape trials. For the first 28 sessions of testing, these 60 shape repetition trials occurred from Trials 51 to 110 and for the last 28 sessions from Trials 41 to 100 of each session. Memory probe tests then occurred at various points after this distractor repetition phase. These tests used the same shape feature to form their distractor region as presented earlier during the repetition phase. Again, the repeated feature was randomly selected at the beginning of each session from the entire set of shapes. Thus, when selected, this feature occurred only in the distractor repetition condition and probe tests of that session. Four different probe test conditions were conducted. These tests occurred 5 (PS), 10 (P10), 30 (P30), or 60 (P60) trials after the completion of the distractor repetition phase. Probe tests occurred for P5 on Trial 115, for P10 on Trial 120, for P30 on Trials 129 and 130, and for P60 on Trials 159 and 160. Additional probe tests were sometimes presented after these tests in some of the conditions, but these contaminated observations are not included in the analyses below. Only the first probe test of any condition was used in assessing memory for the repeated distractor feature.
The experiment consisted of 56 sessions. P5 and P10 testing was conducted during the first 28 sessions in randomized blocks of two. P30 and P60 testing was conducted during the last 28 sessions in randomized blocks of two. All other aspects of the experiment were identical to the previous experiments, except that four novel shape features had been added between the end of Experiment 2 and the start of Experiment 3, increasing the total number of displays to 48,380 (15,580 color displays and 32,800 shape displays), and 12 
Results and Discussion
The left side of Figure 4 shows the now expected distractor repetition effect. Open symbols denote shape baseline trials and filled symbols denote distractor repetition. For P5 and P10 sessions (triangles), trials were grouped into the following successive trial blocks: [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] [90] [91] [92] [93] [94] [95] [96] [97] [98] [99] [100] [101] [102] [103] [104] [105] [106] [107] [108] [109] [110] , trials were grouped into the following successive trial blocks: 21-40, 41-55, 56-70, 71-85, 86-100 . Again, the birds showed a significant increase in target localization accuracy with distractor repetition.
The right side of Figure 4 shows probe test performance (filled symbols) in comparison to shape baseline. The shape baseline data points in the right side of Figure 4 show mean performance for the four shape trials most closely preceding and following the probe tests during their respective sessions (performance on color displays were excluded), and were selected to assess memory probe test performance. For P30 and P60 sessions, only the first probe test trial from each testing session is plotted, although mean performance on the second probe test trial for P30 (79.5%) and P60 (81.8%) did not significantly differ from the first test trial, Fs(1, 5) < 1.5, ps > .05.
Mean accuracy on probe tests (78.5%) was higher than on the post-repetition shape baseline trials (72.8%). A two-way repeated measures ANOVA for probe test (P5, P10, P30, P60) and trial type (probe, shape baseline) confirmed this, yielding only a significant main effect of trial type, F(1, 5) = 8.1, p < .05. This indicates the pigeons were remembering the previously repeated distractor feature into the postrepetition period. The memory for the repeated feature did decline initially, as evidenced by significantly lower performance on the probe tests in comparison with the last 15 trials of distractor repetition, 84%; F(1, 5) = 31.7, p < .005. But the lack of any interaction or main effect of probe test, however, suggests that the memory for the repeated distractor feature is relatively stable after that, influencing performance for up to 60 trials after its last appearance. Taking into account stimulus duration, reward, timeouts, ITI, and the pigeons' time to peck the warning signal for these 60 trials, an estimate for the elapsed time between these intervals would be about 30 min.
Considering the number of intervening, and potentially interfering, trials and the elapsed time between the end of repetition and the probe tests, it suggests that the pigeons' memory for the repeated distractor feature was robust. Earlier work exploring the effects of duration on memory of a repeated target has found memory for target features to dissipate between 30 s and 3 min. . Consistent with this temporal window was a study in which sequentially primed targets were remembered for all durations tested from 2.5 s to 17.5 s (R M. Blough, 1991) . Although in the present experiment memory for repeated distractor features seemed to be much longer than that found for target features in these earlier studies, it is difficult to . After the end of distractor repetition, the abscissa represents the trial number within a session on which memory probe tests occurred. For this post-repetition period, shape baseline represents tests of shape displays that occurred within the four trials preceding and following the probe tests from their respective sessions.
draw any strong conclusions about this difference because of numerous procedural differences between the studies (e.g., long vs. short runs of repetition, the presence or absence of intervening trials, odd-item vs. fixed-item searches).
Experiment 4
Experiments 1 and 2 showed that there was less stimulus control elicited from repeated target than distractor features. On the basis of previous research suggesting the efficacy of target repetition, this was a somewhat surprising result. Experiment 4 attempted to help clarify the reasons for this discrepancy. In it, we attempted to enhance attention to the target by differential reinforcing some of the target features. This was implemented using a two-feature repetition procedure. In one condition, the "differential target condition," two different target features were repeated within the same session in which only one of the target features was reinforced. The top half of Table 4 shows an example of six consecutive trials from this condition, where the target feature 0 is reinforced as usual and the target feature ~ is not. Displays containing the reinforced target were rewarded for accurate target localization (i.e., pecks to the target region) and punished for incorrect responses (i.e., pecks to the distractor region). Displays containing the nonreinforced target feature, both correct and incorrect target localization responses resulted in the end of a trial (i.e., no food delivery or timeout). In a similar condition, the "differential distractor condition," two different distractor features were repeated within the same session in which only one of the distractor features was reinforced. The bottom half of Table  4 shows examples of six consecutive trials from this condition, where the distractor feature -is reinforced as usual (i.e., rewarding correct target localization and punishing incorrect target localization) and the distractor feature is not rewarded. In another condition, the "nondifferential target condition," two different target features were repeated within the same session in which both target features were reinforced in the same manner as in Experiments 1 and 2. In another condition, the "nondifferential distractor condition," two different distractor features were repeated within the same session in which both distractor features were reinforced in the same manner as in Experiments 1, 2, and 3.
If the pigeons can remember two features simultaneously That is, the pigeons should learn to avoid the two repeated distractor features within a session, but not search for the two repeated target features. For the differential reinforcement conditions, because the different features now predicted whether the pigeons could receive food or not on a trial, the processing of the identity of these features would become more significant for the birds. In the case of the differential target condition, we thought it would directly promote the processing of the target's features. If so, we should then see effects of target repetition on these features. For the differential distractor condition, because the pigeons already were processing the distractors of the displays, this increased significance should not change their search behavior.
Method Animals, Apparatus, and Stimuli
The same 6 pigeons, apparatus, and stimuli used in the previous experiments were used in this experiment.
Procedure
Target and distractor repetition were similar to the previous experiments, but now two different shape features were randomly selected each session and repeated in randomized blocks of two. Each repeated feature occurred 60 times. These 120 target or distractor repetition trials occurred from Trials 31 to 150 of each session. Again, repeated features were only presented during repetition trials within a particular session. During the two nondifferential reinforcement conditions, both repeated features were reinforced exactly like in Experiment 1. During differential reinforcement conditions, only trials containing one of the two repeated shape features was rewarded. Accurate localization of the target region on these trials ended in 2-s food reward and incorrect localization produced a 10-s timeout. Trials containing the other repeated shape feature resulted in extinction (i.e., no food reward and no timeouts) regardless of the accuracy of the target localization. The completion of the peck requirement on these nonreinforced trials simply ended the trials and started the ITI for the next trial.
The experiment lasted 84 sessions. All together, four conditions were tested using the two-feature repetition procedure: differential distractor repetition, nondifferential distractor repetition, differential target repetition, and nondifferential target repetition. The four different conditions occurred in the following testing block order with their respective number of sessions in parentheses: nondifferential distractor (18), differential distractor (6), differential target (6), nondifferential target (18), differential target (6), nondifferential target (6), differential target (6), nondifferential target (6), differential distractor (6), and nondifferential distractor (6). Each session contained 188 trials. The first 10 trials of each session were warm-up trials. The last 18 trials from each session consisted of displays constructed from different line orientations. As these displays were not germane to the current experiment, they have been eliminated from the analyses. All other details were identical to the previous experiments.
Results
The separate blocks of differential and nondifferential testing on two-feature distractor and target repetitions are shown in Figures 5 and 6 , respectively. Consider first the pattern of effects in the differential blocks. For both distractor and target repetition, there was a divergence in accuracy between the reinforced, R(+), and nonreinforced features, NR(-), in the differential blocks. For distractor repetition, there was an increase in target localization accuracy from baseline (Trials 11-30) for the nonreinforced distractor feature, whereas the reinforced distractor feature showed little or no increase across trials. For target repetition, there was a decrease in accuracy from baseline for the nonreinforced target feature, whereas there was a clear increase in (11-30, 31-60, 61-90, 91-120, 121-150 )---were conducted for each differential testing block to examine these interactions. For differential distractor and target repetitions, the Feature × Trial Block interactions were significant in each case, all five Fs(4, 20) > 5.1,ps < .005. The effects of repetition for the nondifferential blocks were different from those of the differential blocks. For distractor repetition, both features showed a systematic and similar increase in accuracy with nondifferential repetition. Separate one-way repeated-measures ANOVAs revealed main effects for trial block for nondifferential distractor repetition, both Fs(4, 20) > 3.7, ps < .05. For target repetition, the pattern was more complex. In the first block, there was an increase in accuracy with target repetition, F(4, 20) = 3.8, p < .05, although the total increase from baseline [3.9%; trials (121-150) -trials (11-30)] was less than in the prior differential block (10.5%). In the second nondifferential block, however, there was no significant effect of repetition (F < 1), although again there was a slight numerical increase from baseline (2.7%) across trials. In the third block, the increase across target repetition was stronger (7.0%) and significant, F(4, 20) = 5.1, p < .005, and not unlike those seen with the reinforced feature in the differential target conditions (mean increase over all testing blocks from baseline was 8.6%) or with nondifferential distractor repetition (mean increase over all testing blocks from baseline was 10.7%).
To compare the effects of target repetition across the two reinforcement procedures, we conducted a two-way repeatedmeasures ANOVA--Reinforcement (differential vs. nondifferential) × Testing Block (1, 2, 3)---on the difference in accuracy between the last block of rewarded target features (Trials 121-150) and baseline trials . For this analysis, the performance on nonreinforced features was not included. This analysis confirmed that the effect of target repetition had a significantly greater increase during differential (8.6%) than nondifferential (4.5%) target repetition, F(1, 5) = 14.49, p < .05. There was no interaction over testing blocks, F(2, 10) = 3.14,p < .09.
To compare the effects of distractor repetition across the two reinforcement procedures, we conducted separate twoway repeated-measures ANOVAs--Reinforcement (Differential vs. Nondifferential) × Testing Block (1, 2) on the difference in accuracy between the last block of rewarded distractor features (Trials 121-150) and baseline trials (Trials 11-30) for nondifferential blocks versus reinforced and nonreinforced features during differential testing. These analyses revealed that the effect of distractor repetition was not significantly greater for the nonreinforced feature during differential reinforcement (13.5%) in comparison to nondifferential reinforcement (10.7%), F(1, 5) = 2.0, p > .22. There was no interaction with testing block, F(1, 5) = 1.8, p > .2. The same analysis comparing the effects of nondifferential reinforcement (10.7% increase) to the reinforced feature (3.1%) revealed a significant difference, F(1, 5) = 6.0, p = .058.
Discussion
The most important development during this experiment was the control by repetition exhibited for repeated target features. The best evidence of this was during differential target repetition, which produced a marked increase in accuracy for the repeated and reinforced target feature and a decrease in accuracy for the nonreinforced target feature. That is, the pigeons learned to approach positively reinforced targets and avoid the aversive noureinforced targets. Given that the identity of the targets was relevant to predicting the potential outcome of each trial, this finding is perhaps not surprising. This effect indicates that the earlier failures in Experiment 1 to see any increase with target repetition were not due to an inability to process target features, but that they were not being processed during those tests. This outcome is consistent with the idea that in the earlier experiments the birds were responding automatically to the target once it was located, but were now attending to the features of this component because of their predictive relations to reinforcement.
Interestingly, a search image-like target repetition effect also emerged during nondifferential target repetition as well. Although the effects were small in the first two testing blocks, by the third block of nondifferential testing the birds were reacting to the two repeated targets in a manner similar to that observed with distractor repetition. The most likely explanation for this effect is a carryover effect of target feature processing from the preceding differential conditions. This suggests that the controlled processing of the target's features was not specifically tied to the presence and absence of reinforcement per se, but it reflects a more generalized activation of target processing by the introduction of these events. It is the increasing recruitment of this activation over repeated differential testing blocks that may explain why the size of the nondifferential target repetition effect grew so by the last testing block.
Besides increasing specific control by target features, differential reinforcement had effects on distractor processing, too. First, the nonreinforced feature supported a greater increase in accuracy than did the reinforced distractor feature. Second, and more interesting, the reinforced distractor feature did not generally show the same degree of increased accuracy as a function of distractor repetition as in the comparable nondifferential condition. Why did differential reinforcement modulate distractor repetition in this way? Perhaps part of the answer lies with a need to include an associative component to the analysis. One speculation is that within the temporal context of the potentially aversive nonreinforced feature, there is now the presence of a distractor feature that strongly predicts the possibility of reinforcement (given the target is found). This may cause the reinforced distractor feature to become associatively excitatory. This Pavlovian approach component then competes with the learned operant rule to avoid the distractor region (and preventing a timeout). Thus, the birds occasionally and prematurely peck at the reinforced distractor feature because of its association with target-produced food rather than successfully searching for the odd-item target, with the net result being overall less effective target localization performance.
General Discussion
The interesting and new finding of the present experiments was that repeating features of the distractor elements resulted in improved target localization in an odd-item search task (Experiments 1, 2, and 4). Experiment 2 found evidence that this distractor repetition effect was mediated by a feature-specific avoidance strategy. Experiment 3 found that the memory underlying this short-term learning effect was long lasting, likely being greater than 30 min. Experiment 4 revealed that differential reinforcement could modulate the presence and form of both target and distractor repetition effects.
These experiments provide clear evidence that featurespecific search strategies are involved in textured visual search. By processing over the short term what not to peck, the pigeons can better avoid repeated distractor items and locate the unknown target more effectively then when these distractor features are highly variable in their identity, such as in the randomized baseline condition. In combination with earlier evidence that relational information is also used in this type of search (Cook, 1992b ; see also Cook, Cavoto, & Cavoto, 1995 , it suggests that multiple processes are simultaneously active in the visual search strategies of pigeons. That is, in the present setting the pigeons' search was governed by both generalized odd-item and a distractorspecific avoidance strategies. It is the flexible combination of these search strategies that allows the present pigeons to successfully discriminate over 48,000 different texture displays. When an odd target region does not readily "pop out" to provoke rapid target responding, the distractor avoidance rule functions to prolong search until a target item or discontinuity is located. It is the increasing feature specificity afforded this distractor avoidance strategy that serves as the foundation for the pigeons' effective use of repetition in the current studies.
The main finding in previous studies of stimulus repetition effects on visual search has been target-mediated effects, where target repetition results in either an accuracy or reaction time benefit (P. M. Blough, 1989 Blough, , 1991 Blough, , 1992 Blough, , 1996 Blough & Lacourse, 1994; Bond, 1983; Bond & Riley, 1991; Langley, 1996; Langley et al., 1996; Pietrewicz & Kamil, 1979; Plaisted, 1997; Reid & Shettleworth, 1992; Vreven & Blough, 1998) . The major explanations of these findings have clustered around target-focused notions of specific search image or attention to target features. During differential reinforcement of repeated target features, we also found that search could be governed by feature-specific target approach and avoidance strategies, too. By learning specifically which of two target features were paired with reward and which were not, the pigeons were able to approach or avoid these items respectively based on their repetition. When target identity was not specifically tied to different outcomes, however, we did not find the standard search image effect during target repetition. Are these various distractor-specific avoidance and target-specific approach patterns of behavior reflective of complementary changes in the same mechanism? Although very difficult to compare because of the differences in the procedures used in these studies, they are similar in that both represent shortterm changes in the effectiveness of target localization within a single session. The current repetition effects did seem to take longer to develop within a run, but appeared to last longer, then typical of target-mediated search image effects. Further, the distractor avoidance strategy is different from other target-specific approach strategies in that no specific representation of the target's features appeared to be involved in producing its improvement in target localization accuracy.
Interestingly, only one other prior study to our knowledge has found evidence for a distractor-mediated search effect. D. S. Blough (1993) used an odd-item task that contained predictable relations between specific distractor and specific target items. By varying their frequency, he found that pigeons learned conditional expectancies about what targets to look for based on the distractor items present in the displays. Although the mechanisms involved are slightly different (conditional expectancy of the target vs. distractor avoidance), it is interesting that in both the current and in D. S. Blough's (1993) experiments, an odd-item search task was used, and in both cases the pigeons came to rely on the focused processing of the more populous distractor as a critical route to locating the target.
These new results and the previous literature now suggest that there are at least five different tactics used by birds to locate successfully a target in a visual search task. These include the use of generalized relational information and item-specific strategies based on the properties of the target, distractor, and their specific combination. First, birds can use conspicuous oddity information to locate rapidly a unique and clearly visible target (D. S. Blough, 1989; Bond & Riley, 1991; Cook, 1992b; Reid & Shettleworth, 1992) . We think it is the greater activation of this relational mechanism by the color displays that is responsible for the difference in repetition effects observed for color and shape dimensions in Experiment 1, for instance. Second, birds can use a general-ized distractor avoidance rule (Experiments 1, 2, 3, and 4 shape baseline performance). This strategy involves a relational search rule that is based on avoiding distractors (defined by initial encounter, relative size, or number) until a different item or a global target pattern is encountered. This flexible strategy would be highly effective in odd-item tasks in which the target's identity is unknown, and the previously mentioned oddity tactic is prevented by the similarity of the target and distractor items. This generalized distractor avoidance strategy also appears to be the progenitor of yet another way of locating the target. Third, in this case, birds use a feature or item-specific distractor avoidance strategy. It is this tactic that is responsible for the distractor repetition benefits discovered in the present experiments. Fourth, birds can use an item-specific search strategy based on locating a known target item or its features (Experiment 4; P. M. Blough, 1989 Blough, , 1991 Blough, , 1996 Bond, 1983; Bond & Riley, 1991; Langley et al., 1996; Pietrewicz & Kamil, 1979; Reid & Shettleworth, 1992) . Fifth, birds can use item-specific expectations that have been established between pairs of specific distractors and targets (D. S. Blough, 1993) . From this growing list, it might be safe to say that birds potentially use virtually every piece of information available to them in a visual search task in order to locate a relevant target in a background of distractors.
As such, the essential question becomes what conditions cause these different strategies to be used in the various types of visual search tasks that have been studied? Four factors currently seem critical. The first factor is the perceptual discriminability of the target relative to the distractor. The role of perceptual discriminability in search tasks is well established and widely acknowledged. When target items are highly visible, birds are able to directly perceive and easily respond to the target. The specific process underlying these "pop-out" like effects is likely based in the early visual mechanisms for feature registration and perceptual grouping in birds (Cook, 1992a (Cook, , 1992b Cook et al., 1996) . Only when a target is hard to see, do the other types of search mechanisms outlined above become measurable.
The second factor concerns the number of visual items regularly involved in the task. The role of exemplar number is critical to the successful formation of object categories (Bhatt, Wasserman, Reynolds, & Knauss, 1988; Kendrick, Wright, & Cook, 1990 ) and relational rules Santiago & Wright, 1984; Wasserman, Hugart, & Kirkpatrick-Steger, 1995; Wright, Cook, Rivera, Sands, & Delius, 1988) . The same is surely true in the present context as well. As the number of items used to create the set of stimulus displays increases, the more likely control by relational factors will occur. The use of small numbers of stimuli fits more naturally into the pigeons' initial propensity to memorize the specifics of any discrimination. Search conditions using smaller numbers of target or distractor stimuli are thus ideal for generating item-specific search strategies (E M. Blough, 1989 Blough, , 1991 Blough, , 1992 Blough, , 1996 Blough & Lacourse, 1994; Bond, 1983; Bond & Riley, 1991; Langley, 1996; Langley et al., 1996; Pietrewicz & Kamil, 1979; Plaisted, 1997; Plaisted & Mackintosh, 1995; Reid & Shettleworth, 1992; Vreven & Blough, 1998) .
The third factor appears to be related to the experience of the animals. For instance, we found that the specific properties of the target received very little processing in the current task until the conditions were changed to make the target identity relevant by either reversal discrimination or reward outcomes. When these conditions occurred the birds apparently started to pay attention to target identity. Prior to this, the birds appeared to be responding to the target in an almost "automatic" mode. That is, once it has been localized the birds responded to the target because of the experimental contingencies requiring five pecks, but this pecking behavior had little to do with the birds further processing the target's characteristics. Only when the conditions were changed to make such information more relevant did the birds change their processing to a more controlled mode. Vreven and Blough (1998) have recently reported a related kind of automatic processing effect. They found in a fixed-item visual search task that with extended experience with a specific set of targets that benefits of target repetition diminished under some circumstances. With an increase in the numbers of target stimuli to look for, however, more controlled processing of the displays returned. Given the extensive experience that birds often receive in this type of operant discrimination, perhaps greater experimental attention should be paid to the potential contributions of automatic and controlled processing and responding in such settings.
The fourth factor concerns whether birds are required to solve an odd-item or fixed-item search task. In odd-item searches, visual items are used interchangeably as both targets and distractors. In fixed-item searches, targets and distractors come from different sets of visual items that each have mutually exclusive features. Because of the potential classification of visual items during fixed-item searches, subjects could learn with experience specifically what items they are searching for and which to avoid. If such predictability occurs, then limiting the number of target items should improve search performance because the subject could become certain of the identity of the target to be found. In keeping with this, all previous demonstrations of specific target item repetition effects have involved forms of fixeditem searches (P. M. Blough, 1989 Blough, , 1991 Blough, , 1992 Blough, , 1996 ; P. M. Blough & Lacourse, 1994; Bond, 1983; Bond & Riley, 1991; Langley, 1996; Langley et al., 1996; Pietrewicz & Kamil, 1979; Plaisted, 1997; Plaisted & Mackintosh, 1995; Reid & Shettleworth, 1992; Vreven & Blough, 1998) .
Another factor that may need consideration concerns the possible contributions of conditioning processes to these types of discriminations, especially when item repetition is involved. We found that distractor avoidance, target approach, and target avoidance each were modulated by the nature of the reinforcement contingencies associated with the repetition of these elements. A search image perspective suggests these effects are due to modifications in the amount of attention directed to the repeated elements. A conditioning perspective would suggest these changes could be viewed as a type of short-term learning effect involving excitatory approach and inhibitory avoidance responses to the repeated elements. In fact, one way to view the current work is as a series of "mini" acquisition studies within the context of a steady-state discrimination. At the moment, these alternative accounts have not been well separated in studies involving item repetition. It is quite possible that both attention and learning may play a role. One future research direction for this type of research is to isolate the relative contribution of these types of processes to search effects in pigeons.
Finally, the current experiments offer a potentially important and new speculation about the way that foraging animals might search for food. Although much attention has been directed at the formation of specific search images (learning what to look for), far less attention has been focused on learning to ignore or avoid background or substrate characteristics (learning what not to look for). One limitation of forming a search image is that it locks the forager into searching for only a subset of recently encountered items, perhaps at the cost of missing other equally good targets that are present. One benefit of a substrate strategy is that by learning the features of the background that one is currently feeding on, the relative detectability of many different and unknown targets might be simultaneously enhanced for that context. This seems like a potentially adaptive strategy for dealing with the variable nature of edible items that occur within relatively homogeneous patches.
